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54 Device for high-frequency coagulation of biological tissue 

A device for high-frequency cbagulation of 
Uotogical tissue achieves readBy contfoiable 

and uniform coagulation even of ve7 [see original for Fig. 2] 

inhomogeneous tissue. For this purpose one 

front and one rear electrode (5. 8). which are 

each at least partly cytindrtcat and are 

disposed one after ifw other in the diredion of 

a common longlbjdinal axb (9). are 

dimensioned such that the dimension (dt) of a 

from electrode (6) is smaDer than the 

dimension (dt) of a rear electrode (5). 
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Spccification 

nie mvention leUites to a device fot high-fiequency coagulalion of biological tissue, wiih 
M kast one font and one re« electtode. which are each at least partly cylindrical and are 
diqxised one afier the other in the direction of a common loneiiudinal axis and ate also provided 
with tmcoveted outride faces, whidt have different dimensions in the dirccuon of the 
lom^nidlnalaxis. 

Soeh devices ate knovwt from US Patent 3920021 and European Patent 0040138. 

Tht bipolar coagulation instrument described in US Patent 3920021 is provided with two 
coaxial cylindrical electrodes, although the rear electtode has smaller dimension in the direction 
of Ae common longhudinal axis of the instrmnem than does the ftont electrode. 

1W oliect of the ptesent invention is to provide, for high-frequency coagulation of 
biological tissue, adevice thai is suitable in pjirticular for surgical contcrion of cardiac rhythm 
disorders. 

n,e invention is based on the knowledge that very good coagulation resuhs are achieved 
when, in a device of the type cited in the introduction, the dimension of the front electrode is 
analler thm that of the rear electrode. 

Diverse studies on living tissue have shown that, in the case of symmetric arrangement of 
bipolar electrode faces (or in other words electrodes whose outside ftcts have identical 
dimensions within the aforesaid meaning), the coagulated matter preferably forms between the 
e<|ually large electrode feces. In such a symmetric anangement of the electrodes, variations in 
the tisstie snuetnrc or in the blood supply to the tissue lead to hardly any shift of the position of 
the coagulated matter out of the region between the electrode faces. 

In the case of electrode feces having an extremely asymmetric confi^on (or b other 
words an extreme difference between the dimensions of the electrode feces), the coagulated 
(issue grows spherically around the smaller front electrode, similariy to the case of a monopolar 
electrode. If the front electrode face of such an anrangement is located in a tissue zone vwth 
inhomogcneous conductivity, the high-fiequency field propagates in a manner that cannot be 
exactly controlled. In this respea. an arrangement of extremely asymmetric electrodes is similar 
to apme monopolar arrangement in which a relatively targe second electrnde is formed by a 
"neumlelecirode'*. 



2 



Ftb-tt-OZ 01:45 , Frar«lL GOTSHU. MRfiES LLP 



♦ 



T-Sn P.08/B1 F-444 



The inventive knowledge that what is impoitam is the dimenaons of the electrodes and in 
panicttlar the ratio of these dimensions makes it possibte to achieve exactly controlled 
coagulation lesuhs in tissue stnictines having highly inhomogeneous propeities. In other words, 
the fomialion of the coagulated matter can be controlled as deared. 

In a |»efened embodiment of the inventive device, it is provided that the ratio of die 
dimensions of the fhmt and rear elecuodes ranges between 5:6 and 1:5. 
I The front electrode is 5 to S0%» preferably 1 0 to 30% shorter than die rear electrode. In 

L the case of curved geometry of the electrodes, especially of the front electrode, the word 
^dimension'* is to be understood as tha projcctiott of the outside face of the electrodes on a line 
parallel to the longitoduwl axis of the eltmgate coagulation device. 
^. It has been surprisingly found that, if die dimensions of the dectrodes are configured 

. ' according to the invention, a path of the HF field Hnes is achieved thai leads to uniform and 
readily eonlrollable coagulation even under inhomogeneous conditions in die surroundings of (he 
electrodes. The lesion can be controlled and confined very readily. This is true in particular for 
applications on the living beating heart, wherein the instrument is located in the blood and the 
front electrode presses against the cardiac tissue. When coagulation is attempted widi « 
symmetric electrode arrangement (meaning equal dimensions of the electrodes), a lesion is 
hardly perceptible in die cardiac tissue. Instead, dangerous blood clots form at die electrode face 
located in the blood. On the other hand, if die electrode arrangemem is too asymmetric, the 
coagulation focus becomes uncontrollably qncad out due to the great differences between the 
conductivities of blood and tissue. 

It is ordy in an inventive and therefore slightiy asymmetric arrangemem of the electrodes 
that the coagulation focus remains close to the electrodes. In this c<Mmection. the coogulaticm is 
temperature-controlled in a manner known In itself. In a prefencd embodiment of ihe invention, 
a temperature sensor is embedded in the from electrode fortius purpose. 

According to anodier preferred embodimem of the inventive device, it is ptovtded dial 
more than two electrode faces are di^iosed in die front region of the instrument Coagulation can 
dien be achieved sdectively between selected electrode faces. 

Anodier embodiment of die invention provides that different high-frequency enei^es are 
delivered simultaneously or successively to die individual dectrode faces. Thereby it is possible 
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to distribute the higb-fitquency energy in the tissae m a manner that can be systematically 
calculated. 

Accoiding to another version, the invention i»ovide$ that the dcciiodc feces arc tised not 
only for dbagulation W also as mcasuiing sensors for deienmmng the impedance of the 
surrounding tissue. 

According to another modification, the invention provides that the different electrode 
faces are used not only for coagulation but also as measuring sensors for detennining the spatial 
distribution of the high-firequcncy ei^rgy and for controlling ihe spread of coagulation. 

According to another embodiment, which can also be used independently of the other 
features of the invention, it is provided thai a pressure sensor known as such is disposed in the tip 
of flic coagulation insoumcnt in oidcr to be able to dctecx different tissue structures. With such a 
pressure sensor, it is also possible to measure pressures, especially fluid pcessures, before and 
during and aAer coagulation. 

According to a preferred embodiment of this practical example of the invention* the 
pressure sensor is disposed in such a way in the tip of the coagulation instrument that it is 
sensitive to direction and can therefore be used to deiemiine the location of ihc electrodes. 

A practical example of the invention is explained in mom detail herdnafter on the basis 

of the drawing, wherein: 

Fig. 1 shows a schematic diagram of a device for high-frequency coagulation, and 

Fig. 2 shows detail A of the device according to Fig. 1 on larger scale. 

The device shown in the figures is a hean catheter, which comprises a highly elastic steel 
spring coated with extremely elastic plastic. 

A metal bush (1) conuins microelectronic devices for digital coding of the instrument 
type being used and for storage of the physical properties of the instrument. The device is 
connected by means of a plug connector (2) to a high-frequency gcnciator known as such. It is 
presumed here that the principles of high-frequency coagulation and control thereof are known. 

Fig. 2 shows detail A of Fig. I and the inventive configuiation of the tip of die 
coagulation device. 

A helical spring (3) of spring steel supports and guides the electrodes. Helical spring (3) 
is coated externally by insulating material (3'), so that lead ($*) for a rear electrode (5) is 
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eteciricaUy isolated imm helical spring (3). As shown in Fig. 2, an insulating jacket (4) of 
insulating plastic is disposed on the outside of lead (S*). 

As is ewdcm from Fig. 2, all illusnated components of the coagulation device are 
lotatioiiaUy symmetric with fespect to a longitudinal axis (9). Toward the distal end of the 
device, a ring (6) of electrically insulating material (plastic) adjoins rear electrode (5). At the 
(fistal end of the device, a fiont electiode (8) adjoins ring (6). Hie outside faces of rear electrode 
(5X of insulating ring (6) and of tear dectrode (8) adjoin one another in a flush, continuous 
anangeracm. The outside faces (10, 1 1) of the front and rear electrodes (8) and (S) respectively, 
heing uncovered and dius coming into contact with the tissue, etc., are cylindrical and coaxial 
and, outside a bent portion (10*) of front electrode (8), have identical diameters. 

In Fig. 2, the dimensions (dj) of from dectiode (8X (dj) of insulatmg ring (d) and (dj) of 
rear electrode (5) are illustrated togedier with examples of their vahies in'millimeters. In the 
illustrated practical example, the dimension (di) of front electrode (8) in the direcuon of 
longitudinal axis (9) is 3 mm, whereas the corresponding dimension (d^) of rear electrode (S) is 4 
mm. The ratio of the dimennons is therefore 3:4. The dimension (d)) of insulating ring (6) in the 
direction of longitudinal axis (9) corresponds to the dimension (di) of from electrode (8). 

The dimension (ds) of the insulating ring corresponds preferably to the dimension (d|) of 
front electrode (8) with a variation of ± 25%. 

An NiCr-Ni thermocouple (7) fastened by means of a cement having very good thermal 
conductivity is disposed exactly at the center of front electrode (8). Thermocouple (7) is used for 
temperature control of the coagulation process. 

Claims 

1. A de^ce for high-frequency coagulation of biological tissue, with at least one from (8) 
and one rear electrode (5X which are each at least partly cylindrical and are disposed one 
after the other in the direction of a common longitudinal axis (9) and are also provided 
with unccyvered outside feces (10« 1 1 ), which have different dimensions (d|, d]) in the 
direction of the longitudinal axis (9>, characterncd in that the dimension (dt) of the 
front electrode (8) is smaller than the dimenston (ds) of the rear electrode (5). 
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2. A device according to claim 1 , characterized in thai the ratio of the dimensions of the 
front and rear electrodes ranges between 5:6 and 1 :S. 

3. A device according to one of claims 1 or 2. chanicteri2ed in that a teiopcnitttre sensor 
(7) is disposed in the front electrode between the outside laces (10) thereof. 

4. A device according to one of the preceding claims, characterbscd in that more than two 
electrode faces arc disposed in the front region of the device, and coagulation is provided 
selectively between different electrode faces. 

5. A device according to one of the preceding claims, characterized in that different high- 
frequency energies can be transmitted simultaneously or successively to the individual 
electrode faces. 

6. A device according to one of the preceding claims, characterized in that the electrode 
faces (1 0 J I ) are provided as measuring sensors for detennining the tissue impedance. 

7. A device according to one of the preceding claims, chaxacterized In that the electrode 
faces (10, U) are used as measuring sensors for deierm'ming a high-frequency 
ifistribution and for monitoring the spread of coagulation. 

g. A device according to one of the preceding claims, characterized in thai a pressure 
sensor disposed in the front region of the device. 

9 A device according to one of the preceding claims^ characterized in that a directionally 
dependent pressure sensor is disposed in the tip of the device. 



Atuu:hcd hereto: 1 page of drawings 
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